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© Blood pump. 

© A novel cardiac assist blood pump is disclosed. 
The blood pump comprises a pump chamber (2), a 
pressurizing chamber (3) provided adjacent to the 
pump chamber, a rotor chamber (4) provided adja- 
cent to the pressurizing chamber (3) and an impeller 
positioned in the pump chamber, said pump being 
characterized in that the rotation shaft (15) of the 
impeller means is provided with a first seal member 
(20) having a skirt portion (19) which is made of an 
elastomeric material and extends downward to cover 
the clearance between the rotation shaft (15) and the 
first rotation shaft hole (8) provided between the 
pump chamber (2) and the pressurizing chamber (3) 
and a second seal member (22) similar to the first 



one which covers the clearance between the rotation 
shaft (15) and the second rotation shaft hole (12) 
provided between the pressurizing chamber (3) and 
the rotor chamber (2); and the pressurizing liquid is 
forced into the pressurizing chamber (3). The pres- 
surizing liquid penetrates into the pump chamber (2) 
through the clearance between the rotation shaft (15) 
and the rotation shaft hole (8) and lifts the skirt 
portion (19) of the first seal member (20) and the 
friction between the seal member and the bottom of 
the pump chamber is prevented. Also the pressuriz- 
ing liquid presses the skirt portion (21) of the second 
seal member (22) and thus prevents leakage of the 
pressurizing liquid into the rotor chamber (2). 
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Background of the Invention 

Field of the Invention 

The present invention relates to a blood pump, 
which is used as a cardiac assist device. More 
particularly, this invention relates to a blood pump, 
which is free from leakage of blood from the pump 
chamber and occurrence of hemolysis and clotting 
in use. 

Prior Art 

There have been known blood pumps, which 
comprise a pump chamber provided with a blood 
inlet port at the top thereof and a blood outlet port 
provided in the direction perpendicular to the axis 
of the blood inlet port and an impeller which com- 
prise? a base plate (hub) and blades provided on 
the base plate generally uprightly and generally 
radially and is secured to a rotation shaft and 
rotatably installed in the pump chamber. 

In blood pumps of this type, the blood intro- 
duced through the inlet port is discharged through 
the outlet port by the rotation of the impeller. 

In blood pumps of this type, the sealing be- 
tween the rotation shaft of the impeller and the 
rotation shaft hole provided in the bottom of the 
pump chamber is effected with a mechanical 
means. As a result, the high speed rotation of the 
impeller generates heat because of the friction be- 
tween the seal member and the rotation shaft or 
the surface of the pump chamber bottom depend- 
ing on the structure. The frictional heat may pro- 
mote hemolysis or cause clotting. Therefore, blood 
pumps of this type have defect that they cannot 
bear prolonged operation. 

A clotting-prevention type blood pump, which 
is intended to solve the above problem, is dis- 
closed in Japanese Laid-Open Patent Publication 
No. Sho 61-500058, which corresponds to PCT 
application. 

In this clotting-prevention type blood pump, the 
bearing, which rotatably supports the impeller shaft 
positioned in the impeller chamber, is constructed 
hydrodynamicaliy. That is, through the clearance 
between the rotation shaft and the surrounding 
supporting section, a pressurized sealing fluid pen- 
etrates into the impeller chamber. By the penetra- 
tion of the fluid into the impeller chamber, preven- 
tion of leakage of blood out of the impeller cham- 
ber is intended. 

In this clotting-prevention type blood pump, 
however, if the pressure in the impeller chamber 
and the pressure of the sealing fluid are inverted, 
or if the sealing fluid is not sufficiently supplied, 
blood will leak through said clearance. This means 
that the sealing is not only impaired but the leaking 



blood may clot in the impeller mechanism, which 
will hinder smooth rotation of the impeller and thus 
make difficult the continuous normal operation of 
the blood pump. Thus problems troublesome for 
s the blood pump such as hemolysis and thrombosis 
are caused. 

The present invention was made to solve the 
above-described problems. That is, it is the object 
of the present invention to provide a blood pump 
w which can normally operate even when the pres- 
sure in the pump chamber (impeller chamber) and 
the pressure of sealing liquid are inverted and is 
free from occurrence of hemolysis and thrombosis. 

75 Disclosure of the Invention 

In order to solve the above-described prob- 
lems, the present invention provides a blood pump 
comprising a pump chamber having a blood inlet 

20 and a blood outlet; a pressurizing chamber pro- 
vided adjacent to the pump chamber; a rotor cham- 
ber provided adjacent to the pressurizing chamber 
and an impeller means, which is comprised of a 
rotation shaft rotatably supported at center of the 

25 bottom of the rotor chamber, extends into the 
pump chamber through rotor shaft holes provided 
at the centers of the bottom of the pressurizing 
chamber and the bottom of the pump chamber and 
an impeller secured to the top of the rotation shaft, 

30 said impeller comprising a base plate with a plural- 
ity of impeller blades provided generally radially on 
the base plate; wherein the rotation shaft is pro- 
vided with a first annular seal member which is 
mounted at the upper side of the bottom of the 

35 pump chamber and has an umbrella-shaped skirt 
portion made of an elastomeric material and ex- 
tending from the lower part thereof toward the 
surface of the bottom of the pump chamber so as 
to cover the clearance of the rotation shaft and the 

40 rotation shaft hole and a second similar seal mem- 
ber which is mounted at the upper side of the 
bottom of the pressurizing chamber and has an 
umbrella-shaped skirt portion extending from the 
lower part thereof toward the surface of the bottom 

45 of the pressurizing chamber so as to cover the 
clearance of the rotation shaft and the rotation shaft 
hole. 

The blood pump per se is made of a suitable 
material such as metal, plastic, etc. known among 

so those skilled in the art. 

Usually the blood pump is generally of a coni- 
cal shape and the blood inlet port is provided at 
the top of the pump chamber and the blood outlet 
port is provided at the side thereof and the pres- 

55 surizing chamber and the rotor chamber are of the 
cylindrical shape. But the shape is not limited 
thereto. 
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At least the skirt portion of the annular sea! 
members are made of an elastomeric material 
which has no adverse effect against blood. Prefer- 
ably and usually the seal member is made of an 
elastomeric material integrally with the skirt portion. 
Such materials are well known among those skilled 
in the art. One of the most preferable materials is 
silicone rubber or flooro rubber. 

The base plate of the impeller is generally 
circular and may be conical. Trie impeller blades 
provided on the base plate generally uprightly and 
generally radially. This means the blade may be 
slightly inclined and may be deviated from the 
diametric direction. 

The base plate of the impeller may be pro- 
vided with through holes between the blades which 
enable the blood to flow from the underside of the 
plate to the upper side. 

The pressurizing (sealing) liquid is a phys- 
iological solution, preferably a physiological saline 
solution containing an anti-clotting agent. One of 
the preferable anti-clotting agent is heparine. 

In accordance with the present invention, the 
pressurizing chamber is filled with the pressurizing 
liquid which has a pressure higher than the liquid in 
the pump chamber and, therefore, the sealing liq- 
uid, which penetrates into the pump chamber, lifts 
the edge of the skirt portion of the seal member so 
that the edge of the portion does not contact the 
surface of the bottom of the pump chamber. Thus 
heat generation caused by the friction between the 
skirt portion and the bottom surface of the pump 
chamber and hemolysis resulting therefrom are 
prevented. 

By using a pressurizing liquid containing an 
anticlotting agent, clotting at the vicinity of the skirt 
portion of the first seal member is prevented by the 
pressurizing liquid, which has penetrated into the 
pump chamber. 

Although the pressurizing liquid is forced into 
the pressurizing chamber, if the pressure in the 
pump chamber becomes higher than the pressure 
of the pressurizing chamber for some reason, the 
edge of the first seal member is pressed onto the 
surface of the bottom of the pump chamber by 
virtue of the resilient force thereof and, therefore, 
leakage of blood through the clearance between 
the first rotation shaft hole and the rotation shaft is 
prevented. 

In the pressurizing chamber, the skirt portion of 
the second seal member is pressed onto the sur- 
face of the bottom of the pressurizing chamber by 
the pressure of the pressurizing liquid and, there- 
fore, leakage of the pressurizing liquid through the 
clearance between the second rotation shaft hole 
and the rotation shaft is prevented. 



Briel Description of the Drawing 

The attached Fig. 1 is a cross-sectional view of 
an embodiment of the present invention. 

s 

Description of Specific Embodiment of the Inven- 
tion 

Now the invention will be specifically described 

w with reference to the attached drawing. Needless to 
say, however, the invention is not limited to this 
embodiment but can be suitably modified within 
the gist of the claimed technical idea. 

Fig. 1 is a cross-sectional view of an example 

75 of the blood pump of this invention. 

As shown there, the pump comprises a pump 
chamber 2, pressurizing chamber 3 and a rotor 
chamber 4 which houses a rotor with magnets, 
which are driving means. 

20 The pump chamber is generally of the shape 
of an inverted funnel. A blood inlet port 5 is pro- 
vided at the top thereof and a blood outlet port 6 is 
provided at the side thereof. The bottom 7 of the 
pump chamber is generally circular and a first 

25 rotation shaft hole 8 is provided in the center 
thereof, which communicates with the pressurizing 
chamber. 

The pressurizing chamber 3 is provided adja- 
cent to the pump chamber 2 with the bottom of the 

30 pump chamber 2 as a partition. The pressurizing 
chamber is provided with two ports 9 and 10. 
Through one of these, the pressurizing liquid is 
forced into the chamber. The pressurizing chamber 
is constructed liquid tight. The bottom 11 of the 

35 pressurizing chamber 3 is generally circular and is 
provided with a second rotation shaft hole 12, 
which communicates with a rotor chamber 4. 

The rotor chamber 4 is provided adjacent to 
the pressurizing chamber 3 with the bottom of the 

40 pressurizing chamber as a partition. The rotor 
chamber is generally cylindrical and a first bearing 
13 is provided at the center of the bottom and a 
second bearing 14 is provided in the second rota- 
tion shaft hole 12 provided in the ceiling of the 

45 chamber to cooperate with the first bearing 13. 

A rotation shaft 15, which is pivotally supported 
by the first bearing 13, is rotatably arranged so as 
to extend into the pump chamber 2 through the 
second bearing 14, the second rotation shaft hole 

so 12 and the first rotation shaft hole 8 . An umbrella- 
shaped impeller base plate 16 is provided at the 
top of the shaft 15 which is positioned in the pump 
chamber. On the upper surface of the impeller 
base plate, a plurality of impeller blades 17 are 

55 provided generally uprightly and generally radially 
so that the outer edges thereof are positioned 
along the inner wall of the pump chamber. Through 
holes 18 are provided in the impeller base plate 16 
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between the blades 17. 

A first annular seal member 20 comprising a 
cylindrical body portion having a through hole, by 
which it is mounted on the shaft 15 at the part 
close to the bottom of the pump chamber 2. The 
annular seal member 20 has an umbrella-shaped 
skirt portion 19, which extends obliquely downward 
from the lower part of the body portion so as to 
slightly touch the bottom of the pump chamber 2, 
The seal member is made of a flexible material 
which has no adverse effect against blood. 

A second annular seal member 22 comprising 
a cylindrical body portion having a through hole, by 
which it is mounted on the shaft 15 at the part 
close to the bottom of the pressurizing chamber 3. 
The annular seal member 22 has an umbrella- 
shaped skirt portion 21, which extends obliquely 
downward from the lower part of the body portion 
so as to touch the bottom of the pressurizing 
chamber 2, Hie seal member is also made of a 
flexible material which has no adverse effect 
against blood. 

A rotor which comprises a disc 24 t on which 
magnets 23 are mounted, is secured to the portion 
of the rotation shaft 15, which is located within the 
rotor chamber 4. The blood pump 1 is provided 
with a rotating magnet means (rfot shown in the 
drawing) at the bottom thereof in order to rotate the 
rotor, i.e., the impeller. The rotating magnet means 
is a rotating body provided with magnets corre- 
sponding to the magnets 23 of the rotor and is 
rotated by means of a driving means (not shown). 
The rotor is rotated by virtue of magnetic force of 
the rotating magnet means. 

The above-described blood pump operates as 
follows. 

The rotor comprising the disc 24 and the mag- 
nets 23 are rotated by rotation of the above de- 
scribed rotating magnet means and thus the impel- 
ler secured to the top of the shaft 15 rotates. 

Blood is introduced into the blood chamber 2 
through the inlet port 5 and discharged through the 
outlet port 6 by virtue of the centrifugal force 
caused by the high speed rotation of the impeller. 
In the pump chamber, some of the blood flows to 
the underside of the base plate (hub) 16 but it 
returns to the upper side of the base plate 16 
through the holes 18 provided in the base plate 16. 
Therefore, the blood, which has flowed into the 
underside of the impeller base plate 16, never 
remains in the underside of the base plate of the 
impeller. 

Meanwhile, a pressurizing liquid is forced into 
the pressurizing chamber 3 through one of the inlet 
ports 9 and 10. When the pressurizing liquid is 
initially introduced through the inlet ports 9, for 
instance, the other port 10, in this case, is left open 
so that the air initially existing in the chamber is 
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purged. When the air is removed and the pres- 
surizing chamber 3 is filled with the pressurizing 
liquid, the port 10 is closed. The pressurizing liquid 
is continuously forced into the chamber 3 by a 

5 suitable pump means not shown. 

As the pressurizing liquid is forced into the 
pressurizing chamber 3 with a predetermined pres- 
sure all the time, the pressurizing liquid penetrates 
into the blood chamber 2 through the clearance of 

io the first rotation shaft hole 8 and the rotation shaft 
15. The pressurizing liquid which has penetrated 
into the pump chamber 2 is replenished by the 
liquid forced into. Thus, the pressurizing chamber 3 
is filled with the pressurizing liquid all the time. 

T5 Since the pressurizing liquid penetrates into 

the pump chamber 2 through the clearance be- 
tween the rotation shaft hole 8 and the rotation 
shaft 15 with the predetermined pressure, the 
blood in the pump chamber does not leak into the 

20 pressurizing chamber 3. The pressurizing liquid, 
which penetrates into the pump chamber, lifts the 
skirt portion 19 of the first seal member 20 and the 
edge of the skirt portion lightly or scarcely contacts 
or entirely does not contact the bottom of the 

25 pump chamber. 

In other words, the first seal member 20 se- 
cured to the rotation shaft 15 rotates but the skirt 
portion 19 of the seal member is slightly raised 
afloat from the surface of the bottom of the pump 

30 by the pressurizing liquid which penetrates through 
said clearance. Therefore, generation of heat by 
friction between the skirt portion 19 and the bottom 
of the pump chamber is extremely small and thus 
hemolysis caused by the contact of the skirt mem- 

35 ber 19 and the bottom of the pump chamber is well 
prevented. 

When the pressure of the blood flowing into the 
pump chamber 2 is abruptly rises abnormally or 
the pressure of the pressurizing liquid in the pres- 
to surizing chamber drops abnormally for some rea- 
son, the skirt member 19 is pressed down by the 
pressure of the flowing blood and closes the clear- 
ance between the first rotation shaft hole 8 and the 
rotation shaft 15 and thus prevents the leakage of 
45 the blood into the pressurizing chamber. 

In this manner, the leakage of blood from the 
pump chamber into the pressurizing chamber is 
prevented without fail by means of the first seal 
member and the pressurizing liquid which is forced 
50 into the pressurizing chamber even when pressure 
fluctuation occurs in the pump chamber or the 
pressurizing chamber. 

In the pressurizing chamber 3, as the pres- 
surizing liquid is forced into the skirt portion 21 of 
55 the second seal member 22 is pressed onto the 
surface of the bottom of the pressurizing chamber 
3 and closes the clearance between the second 
rotation shaft hole 12 and the rotation shaft 15. This 
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prevents the leakage of the pressurizing liquid from 
the pressurizing chamber 3 into the rotor chamber 
4. 

In the present invention, the blood pump 1 is 
separated into a pump chamber 2, a pressurizing 
chamber 3 and a rotor chamber 4. Therefore, even 
when blood leaks into the pressurizing chamber, it 
does not further leak into the rotor chamber 4. 
Thus troubles such as suspension of operation 
caused by clotting of blood in the rotor chamber 
are prevented. 

In the above described embodiment, the driv- 
ing means for the impeller is a rotor comprising a 
disc 23 provided with magnets 23 which is rotated 
by a rotating magnet means. However, the driving 
means is not limited thereto but any known driving 
means can be employed. 

Driving means other than described above in- 
clude a combination of a motor placed at a remote 
location, a flexible shaft connected to the rotation 
shaft of the motor and a universal joint which 
connects the flexible shaft and the rotation shaft. 

As a pressurizing liquid, any liquid which has 
no adverse effect against blood can be used. How- 
ever, a physiological solution containing an anti- 
clotting agent is preferred. The physiological solu- 
tion containing anti-clotting agent is a liquid which 
has little or no adverse effect to the human body 
containing a drug which prevents clotting. An ex- 
ample of such physiological solution is a heparine- 
containing physiological saline solution. When this 
solution is used, clotting is effectively prevented by 
the solution which penetrates into the pump cham- 
ber from the pressurizing chamber. 

As has been described above in detail, in ac- 
cordance with this invention, the leakage of blood 
from the pump chamber into the pressurizing 
chamber is prevented by the first seal means and 
the pressurizing liquid which is forced into and the 
leakage from the pressurizing chamber to the driv- 
ing device chamber is prevented by the second 
seal means and the pressurizing liquid. Also 
hemolysis which may be caused by rotation of the 
seal member at the vicinity of the rotation shaft in 
the pump chamber is prevented. That is to say, the 
present invention provides a small scale blood 
pump, which is free from the leakage and occur- 
rence of hemolysis and clotting. 

Claims 

1. A blood pump comprising a pump chamber 
having an inlet port and an outlet port, a pres- 
surizing chamber having at least one port pro- 
vided adjacent to the pump chamber, a rotor 
chamber provided adjacent to the pressurizing 
chamber and an impeller means, which is 
comprised of a rotation shaft rotatably sup- 



ported at center of the bottom of the rotor 
chamber, extends into the pump chamber 
through rotor shaft holes provided at the cen- 
ters of the bottom of the pressurizing chamber 

5 and the bottom of the pump chamber and an 

impeller base plate secured to the top of the 
rotation shaft and having a plurality of impeller 
blades provided generally radially on the base 
plate, wherein the rotation shaft is provided 

w with a first annular seal member which is 

mounted at the upper side of the bottom of the 
pump chamber and has an umbrella-shaped 
skirt portion made of an elastomeric material 
and extending from the lower part thereof to- 

75 ward the surface of the bottom of the pump 

chamber so as to cover the clearance of the 
rotation shaft and the rotation shaft hole of the 
bottom of the pump chamber and a second 
similar seal member which is mounted at the 

20 upper side of the bottom of the pressurizing 

chamber and has an umbrella-shaped skirt 
portion made of an elastomeric material and 
extending from the lower part thereof toward 
the surface of the bottom of the pressurizing 

25 chamber so as to cover the clearance of the 

rotation shaft and the rotation shaft holo of the 
bottom of the pressurizing chamber. 

2. The blood pump as claimed in claim 1, 
30 wherein the seal members including the skirt 

portion are integrally made of an elastomeric 
material. 

3. The blood pump as claimed in claim 1, 
35 wherein the base plate of the impeller is um- 
brella-shaped. 

4. The blood pump as claimed in claim 3, 
wherein the base plate of the impeller has a 

40 plurality of through holes provided between the 

impeller blades. 

5. The blood pump as claimed in claim 1, the 
pressurizing chamber has two ports. 

45 

6. The blood pump as claimed in claim 1, 
wherein the rotor of the impeller means is 
magnetically rotated. 

so 7. The blood pump as claimed in claim 1, 
wherein the pump chamber is of the shape of 
an inverted funnel and the pressurzing cham- 
ber and the rotor chamber are integrally cylin- 
drical. 

55 

a The blood pump as claimed in claim 7, 
wherein the pump chamber a blood inlet port 
at the top thereof and a blood outlet port at the 
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ABSTRACT: 



CHG DATE=19990617 STATUS=0> A novel cardiac assist blood 
pump is disclosed. 

The blood pump comprises a pump chamber (2), a pressurizing 
chamber (3) 

provided adjacent to the pump chamber, a rotor chamber (4) 
provided adjacent to 

the pressurizing chamber (3) and an impeller positioned in the 
pump chamber, 

said pump being characterized in that the rotation shaft (15) of 
the impeller 

means is provided with a first seal member (20) having a skirt 
portion (19) 

which is made of an elastomeric material and extends downward to 
cover the 

clearance between the rotation shaft (15) and the first rotation 
shaft hole (8) 

provided between the pump chamber (2) and the pressurizing 
chamber (3) and a 

second seal member (22) similar to the first one which covers the 
clearance 

between the rotation shaft (15) and the second rotation shaft hole 
(12) 



provided between the pressurizing chamber (3) and the rotor 
chamber (2); and 

the pressurizing liquid is forced into the pressurizing chamber (3). 
The 

pressurizing liquid penetrates into the pump chamber (2) through 
the clearance 

between the rotation shaft (15) and the rotation shaft hole (8) and 
lifts the 

skirt portion (19) of the first seal member (20) and the friction 
between the 

seal member and the bottom of the pump chamber is prevented. 
Also the 

pressurizing liquid presses the skirt portion (21) of the second seal 
member 

(22) and thus prevents leakage of the pressurizing liquid into the 
rotor 

chamber (2). <IMAGE> 
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